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Abstract
Rabbits are an important livestock animal species, which are used for their meat and fur. Nowadays they are also becoming 
more popular as pets. Furthermore, rabbits are commonly used in research, inter alia in immunological studies and for studying 
pathogenesis of human and animal diseases. 
The lymphoid tissue is abundant in the rabbit intestine and a lot of it is concentrated in Peyer’s patches, the majority of which 
is located in the jejunum. Understanding of the rabbit Peyer’s patches functions is essential for the prevention and treatment of their 
diseases. In order to enhance it, accurate knowledge of its lymphocyte population composition is needed. At present, the cellular 
composition of the rabbit gut-associated lymphoid tissue remains insufficiently studied. Therefore, the aim of our study was to estab-
lish the content and localization of lymphoid populations in the domestic rabbit jejunal Peyer’s patches.  
We performed immunohistochemical studies using monoclonal antibodies CD3, CD10 and CD20 (DAKO, Denmark) to iden-
tify the distribution of lymphoid populations in jejunal Peyer’s patches of a mature domestic rabbit. The results, obtained in our study, 
complement the existing data and determine the main lymphoid populations in the rabbit jejunal Peyer’s patches. The presented data 
are fundamental for further studies of the rabbit gut-associated lymphoid tissue.
We found that lymphoid nodules of jejunal Peyer’s patches contains a predominant CD20+ cell population (B cells). It also 
contains many CD10+ cells (precursors of T cells and B cells), which are mostly concentrated in the germinal centers of lymphoid 
nodules. In the diffuse form of the lymphoid tissue the vast majority of cells are CD3+ cells (T cells).




Rabbits are actively used as livestock due to their high quality meat, valuable fur, fertility 
and precocity, relatively low feed costs and simple housing requirements [1]. Nowadays they are 
also becoming more popular as pets. Moreover, rabbits are considered useful animal models in 
studying pathogenesis of human and animal diseases, including those, whose pathogens enter the 
body through the digestive system [2–4]. Rabbits are also used in immunology for production of 
polyclonal antibodies [5].
The lymphoid tissue is abundant in the rabbit intestine and a lot of it is concentrated in Peyer’s 
patches, the majority of which is located in the jejunum [3, 6]. Peyer’s patches belong to the peripheral 
organs of hemo- and lymphopoiesis. They are among the first to respond to antigens that enter the 
body with feed and water. As a consequence, their lymphocytes transform into effector cells, which 
determine immunity. They also inform the body about the nature of the antigen that has entered it.
Understanding of the rabbit Peyer’s patches functions is essential for the prevention and 
treatment of their diseases. In order to enhance it, accurate knowledge of its lymphocyte popula-
tion composition is needed [7–10]. Therefore, the aim of our study was to establish the content and 
localization of lymphoid populations in the domestic rabbit jejunal Peyer’s patches.
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2. Materials and methods
The study was conducted over the period from 2016 to 2020. For immunohistochemical 
studies four clinically healthy four-months-old male Pannon White rabbits were used. The animals 
were kept in accordance with generally accepted husbandry practices in the vivarium of the Na-
tional University of Life and Environmental Sciences of Ukraine. The animals were euthanized for 
sample collection in the laboratory of immunomorphology of the Volodymyr Kasianenko Depart-
ment of Animal Anatomy, Histology and Pathomorphology of the National University of Life and 
Environmental Sciences of Ukraine. All manipulations and euthanasia were carried out in concor-
dance with norms of bioethics and in compliance with the requirements of the European Conven-
tion for the Protection of Vertebrate Animals used for Experimental and Other Scientific Purposes 
(Strasbourg, 1986) and the resolution of the First National Congress on Bioethics (Kyiv, 2001).
Immunohistochemical studies were performed using monoclonal antibodies CD3, CD10 
and CD20 (DAKO, Denmark). Unmasking of antigens was performed via heat-induced epitope 
retrieval using Target Retrieval Solution High pH buffer (DAKO, Denmark) in Pt Module (Dako, 
Denmark) for 32 min at a temperature of 98–99 °C. For visualization of primary antibodies DAKO 
EnVision FLEX+ detection system was used. The preparations were additionally stained with 
Mayer’s hematoxylin for 1–3 min and placed in Eukitt mounting medium. For establishing content 
and localization of lymphoid populations the tissue sections were examined using an “Olympus” 
microscope (×200, ×400, ×1000). The number of lymphocytes, expressing markers, was counted on 
10 randomly selected fields of microscope (per conventional unit area at magnification ×280). Re-
sults are expressed as mean (M) and standard error of the mean (m).
3. Results
Previously we studied the cellular composition of a rabbit jejunal Peyer’s patch [11]. The vast 
majority of it is represented by lymphocytes. We used markers CD3, CD10 and CD20 to determine 
the location and quantitative indicators of their cell populations. 
In the rabbit jejunal Peyer’s patch a reaction to the presence of these cellular markers was 
positive. The content of cell populations, expressing markers CD3, CD20 and CD10, differed in 
nodular and diffuse forms of the lymphoid tissue (Table 1).
Table 1
The content of lymphocyte populations in rabbit jejunal Peyer’s patch (cells per conventional unit area), M±m
Marker Germinal center of  lymphoid nodule Dome of lymphoid nodule Diffuse lymphoid tissue
CD3 21.3±2.13 48.5±4.88 113.3±3.68
CD10 98.7±1.36 43.7±3.1 42.0±5.23
CD20 107.7±4.84 91.3±3.08 38.5±1.99
Anti-CD3 monoclonal antibodies are used as T cell markers. They express this marker 
on a cell membrane, which gives the cell a characteristic brown annular appearance. In the 
jejunal Peyer’s patch T cells are mostly localized in the diffuse lymphoid tissue between the 
lymphoid nodules, where their cell population makes up the vast majority and occupies almost 
this entire area.
A smaller number of T cells is found in the domes of lymphoid nodules, where they are 
located more diffusely. Here their content is 2.3 times, i. e. 57.2 % lower than in the diffuse 
lymphoid tissue.
The least amount of T cells is located in the germinal center of the lymphoid nodule. They 
are mostly located on their periphery, but sometimes found in their central zone. In the germi-
nal centers of secondary lymphoid nodules the content of these lymphocytes is 5.3 times lower 
(81.18 %) than in the diffuse lymphoid tissue. It’s also 2.3 times (56.02 %) lower than in the dome 
region. In primary lymphoid nodules we found only single CD3+ lymphocytes, which were ran-
domly arranged over their entire area.
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T cells are also diffusely located in the connective tissue of lamina propria within the muco-
sa. They can be found between crypts, in intestinal villi and in the submucosa. CD3+ lymphocytes 
are also present in the follicle-associated epithelium.
Anti-CD20 monoclonal antibodies are expressed by B cells. According to our observations, 
this population of lymphocytes is the largest in the jejunal Peyer’s patch. Most of them are very 
densely located in the germinal centers of lymphoid nodules. In the mantle zone of secondary lym-
phoid nodules the concentration of B cells was lower and they had a lower level of expression of this 
immunohistochemical marker compared to CD20+ cells of the germinal center.
B cells are less densely located in the domes of lymphoid nodules compared to germinal 
centers. In the dome region their number is 1.2 times and, accordingly, 15.25 % lower than in the 
germinal centers of lymphoid nodules.
B cells sometimes are found in the capsule of lymphoid nodules. They are also located in the 
diffuse lymphoid tissue as single cells or small clusters but their number is much lower compared to 
the germinal centers: 2.8 times, i. e. 64.24 %; and 2.4 times (57.81 %) lower than in the dome region.
B cells are found in intestinal villi, they also infiltrate the superficial and follicle-associated 
epithelium.
Anti-CD10 monoclonal antibodies are expressed by precursors of T cells and B cells. They 
are mostly concentrated in the germinal centers of lymphoid nodules, where they occupy their 
whole area. In the mantle zone of the lymph nodules CD10+ cells are less densely located. In the 
domes of lymph nodules CD10+ cells are located less densely and have a lower degree of expression 
compared to cells in the germinal centers. Their number is 2.3 times, i. e. 55.74 % lower than in the 
germinal centers of lymphoid nodules.
In the diffuse lymphoid tissue CD10+ cells are less common. Here their number is 2.3 times 
lower than in the germinal centers (i. e. 57.43 %) and 3.82 % lower than in the domes of lymphoid 
nodules. The number and density of CD10+ cells in the diffuse lymphoid tissue increase closer to 
the mucosal surface epithelium, as does the level of expression of this marker.
In the intestinal villi and between the crypts of the mucous membrane CD10+ cells are 
spread out or grouped in small clusters.
The cytoplasm of intestinal epithelial cells shows the moderate intensity immunostaining 
with CD10 marker. CD10 emphasizes the intestinal brush border of the superficial epithelium [12], 
which on histopreparations has an appearance of a clear dark stripe or of a dark circle inside the 
crypt in their cross section.
CD10 is also expressed by cells that surround lymph nodules with domes only below and at 
the sides. Judging by their characteristic elongated shape, these cells may be fibroblasts (Fig. 1).
Fig. 1. Expression of CD10 by cells along the perimeter of the lymphoid nodule (arrow): 
1 – CD10+ cells in the germinal center of the lymphoid nodule; 2 – diffuse lymphoid tissue. 
Histopreparation with the use of monoclonal antibodies, ×100
4. Discussion
Immunohistochemistry allows to detect the localization of certain antigens in cells, based 
on the specific binding of antigens to antibodies. It enables the visualization of antigens in histo-
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Although the antibodies we used have been developed against the corresponding human 
antigens, it is known, that some antigens are common across many species, such as CD3. Hu-
man markers are quite effective in studies on mice [13]. In other sources it is noted, that rabbit 
B cells, as well as in humans, express markers CD10 and CD20 [14]. The positive specific 
reaction with the antibodies we used was confirmed by characteristic membranous pattern 
of staining.
Currently most information about the adaptive immune system comes from studies on pe-
ripheral blood, which contains only 2 % of body lymphocytes [15]. At the same time the gut-associ-
ated lymphoid tissue has a special role in the development of B cells in many species (sheep, cattle, 
rabbits and pigs) [16, 17]. On the basis of the aforesaid, studies of the lymphoid populations in the 
rabbit jejunal Peyer’s patch are relevant.
It is known, that CD3 is a multidomain component of the T-cell receptor complex, which 
is usually located in the cytoplasm of immature T-lymphoblasts and on the surface membrane of 
mature T cells. It has a complex structure and contains three different polypeptide dimers. NK cells 
may also have cytoplasmic expression of CD3. Nonspecific cytoplasmic staining of plasma cells 
and macrophages is also possible [18].
CD10 is a neutral endopeptidase, also known as a common acute lymphoblastic leukemia 
antigen (CALLA). It is expressed on the early precursors of T cells and B cells, disappears as they 
mature, and reappears on activated B cells. This molecule may also be present on granulocytes, 
fibroblasts, follicular dendritic cells and some epithelial cells [18, 19].
CD20 is one of the main markers, used to identify B cells. It is a surface membrane molecule 
that plays a role in the proliferation and differentiation of B cells into plasma cells. It appears in 
the ontogeny of B cells somewhat later than CD10 expression. CD20 is expressed on B cells during 
their differentiation before their transformation into plasma cells. Expression by follicular dendritic 
cells is also possible [18–20].
B cells are a key component of the adaptive immune response. Although their main function 
is to produce antibodies, they can also act as antigen-presenting cells or regulatory cells, producing 
cytokines that affect the inflammatory response [21].
It is known, that in neonatal rabbits CD20+ B cells first appear in the domes, mucosal folds 
and intestinal villi. Differentiation into B cells of germinal centers occurs later. During their devel-
opment B cells at first migrate to the appendix and sacculus rotundus, and only then to other tissues 
(Peyer’s patches, mesenteric lymph nodes, peripheral blood) [14].
The results, obtained in our study, complement the existing data and determine the main 
lymphoid populations in the rabbit jejunal Peyer’s patches. The data, presented in this paper, are 
fundamental for further studies of the rabbit gut-associated lymphoid tissue.
5. Conclusion
1. Immunohistochemical studies of rabbit jejunal Peyer’s patches revealed lymphoid popu-
lations that express markers CD3, CD10 and CD20.
2. CD20+ cells (B cells) are mostly located in the nodular form of the lymphoid tissue. It also 
contains many CD10+ cells (precursors of T cells and B cells), which are mostly concentrated in the 
germinal centers of lymphoid nodules. In the diffuse form of the lymphoid tissue the vast majority 
of cells are CD3+ cells (T cells).
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